The effect of unemployment risk on the timing of homeownership is examined through the use of a retrospective panel of Japanese households. We obtain the following results by applying the split population duration (SPD) model: (1) unemployment risk, as proxied by the probability of unemployment, has a significantly negative effect on homeownership and delays its timing, (2) the effect of unemployment risk is overestimated in previous studies, which assume that all households will eventually become homeowners, and (3) household characteristics as well as the conditions of housing and labour markets at the early stages of a household's life cycle play an important role in the determination of its housing purchase.
Introduction
Although there are several sources of the uncertainties that a household faces during its lifetime, income uncertainty might be the most serious one, particularly for a young household that desires to be a homeowner. While the majority of previous studies used income variability as a proxy for income uncertainty, in this paper, we focus on households' unemployment risk-the most extreme form of income reduction that can arise during a household's lifetime.
There are several reasons to expect that unemployment risk will impact homeownership. First, unemployment risk, often measured by an individual's job tenure or past experience with unemployment, is a typical screening device for credit rationing by lenders. According to the Survey of Housing Market Trends (Ministry of Land, Infrastructure and Transport, 2006) , almost 20 percent of the households that purchase their own houses are credit rationed due to their unemployment risk. 1 Moreover, since unemployment forces households to lose not only a stable future income stream but also all of the fringe benefits of employment (such as social and health securities, subsidized housings, and several allowances), its effect on housing tenure transition is much more than a simple reduction in income. Second, as Carroll, Dynan, and Krane (2003) and Lusardi (1998) suggested, unemployment risk has a precautionary effect on a household's wealth accumulation, i.e. the prevailing precautionary saving may 'crowd out' the wealth holdings that are in the form of illiquid assets such as housing.
Owing to these reasons, a household with a higher unemployment risk tends to delay the timing of tenure transition until it obtains a stable job, or it is discouraged from becoming a homeowner. At an aggregate level, a negative relationship between unemployment and homeownership rates might constitute good evidence of the effect of unemployment risk on housing tenure transition. Figure 1 illustrates the recent trends of the homeownership rates and unemployment rates of households whose heads are under 40 years of age. Homeownership in young households has decreased drastically during the past 25 years, while the unemployment rate of workers under 40 years of age has increased during the same period. (Figure 1 around here.)
There are several theoretical studies that address the relationship between income uncertainty and homeownership. DeSalvo and Eeckhoudt (1982) theoretically predict a negative relationship between housing consumption and the probability of unemployment. Turnbull, Glascock, and Sirmans (1991) , using a similar framework, demonstrate that a mean preserving spread of an uncertain income lowers housing consumption; however, when the expected wages are embedded in the compensating differentials for income risk, the relationship becomes ambiguous. Fu (1995) analysed the demand for housing in the presence of liquidity constraints and house price uncertainty. It is shown that an increase in income variability (or a forward tilting in the income path) will have either a positive or a negative effect on homeownership depending on the household's attitude towards risk.
Since theoretical predictions are ambiguous, several empirical analyses have been presented to investigate the relationship between income uncertainty and homeownership. Haurin and Gill (1987) and Haurin (1991) find that the households which are likely to have lower income variability tend to own their houses. Robst, Deitz, and McGoldrick (1999) , using several measures of expected income variability, also find a negative relationship between income uncertainty and the likelihood of homeownership. More recently, Diaz-Serrano (2005a, b) , using data from three countries, reveals the negative effect of income uncertainty on the probability of homeownership. With regard to unemployment risk, Di Salvo and Ermisch (1997) find that unemployment risk, as indicated by the regional unemployment rate, has a significantly negative effect on the probability of homeownership in Britain. However, their measure of unemployment risk is not individual-level, but rather it is a regional-level unemployment rate.
While most of the previous studies used transitory income variation to measure income uncertainty, our measure is a household-specific probability of unemployment obtained from retrospective unemployment history data. Using unemployment risk as a measure of income uncertainty has several advantages over using income variability. First, as noted above, unemployment risk includes a much broader range of income uncertainty. Unemployment forces households to lose not only a stable future income stream but also all of the fringe benefits of employment.
Second, as Carroll, Dynan, and Krane (2003) , Lusardi (1997 Lusardi ( , 1998 , and Guiso, Jappelli, and Terlizzese (1992) have pointed out, income variability measures might be poor uncertainty proxies because they can contain large controllable elements. For example, a household that desires to be a homeowner might increase its working member's labour supply in order to accumulate sufficient wealth for a downpayment.
2 In such a case, the household will have more volatile income even if there is no change in the true income uncertainty. 3 Instead, previous studies suggest that unemployment will be a better candidate for a measure of individual-level income uncertainty. This is because job loss is a major interruption to income and, in many cases, is involuntary, particularly for a married male who is the main earner in a household. 4 Third, it is often pointed out that measurement error in earnings poses serious problems with respect to empirical findings. Bound and Krueger (1991) report that the error variance represents nearly 25% of the total variance in earnings. In contrast, the history of unemployment is a relatively accurate measure, resulting in fewer measurement error problems.
The objective of our paper is to examine the effect of unemployment risk on the timing of homeownership by applying a discrete-time hazard model to the most recent household panel data in Japan. We employ a split population duration (SPD) model which allows us to estimate the timing of homeownership as well as determine whether all households eventually purchase homes.
The results are as follows: (1) unemployment risk, proxied by the unemployment probability, has a significantly negative effect on homeownership and delays its timing, (2) the effect of unemployment risk is overestimated in previous studies, which assume that all households will eventually become homeowners, and (3) the conditions of housing and labour markets at the early stages of a household's life cycle play an important role in the determination of a housing purchase.
The remainder of the paper is organized as follows. Section 2 presents the estimation method. A brief description of the data and variables are provided in Section 3. Section 4 provides the empirical results and discusses the relationship between unemployment risk and the timing of homeownership. Finally, Section 5 concludes the paper.
Empirical Model and Estimation Method

Survival Analysis of the Timing of Homeownership
There are several empirical studies that investigate the timing of homeownership using a survival analysis approach. Guiso and Jappelli (2002) examine the relationship between a private transfer and the timing of tenure transition. Deutsch, Tiwari, and Moriizumi (2006) and Tiwari, Deutsch, and Moriizumi (2007) , focusing on wealth accumulation and liquidity constraints, estimate the duration until home purchase. A recent paper by Andrew, Haurin, and Munasib (2006) , using British and U.S. longitudinal data, compares the patterns of young adults' transitions to homeownership between these two countries. All these studies apply a standard continuous-time approach such as the semi-parametric Cox proportional hazard model or the parametric Weibull model.
These standard models estimate the hazard of a home purchase, i.e. the probability of a home purchase conditional on waiting until a certain point in time.
An important assumption of these models is that all households will eventually purchase their own homes, which restricts the ultimate homeownership rate to unity, even though the observed homeownership rate is smaller than unity. By excluding this assumption, the SPD model estimates the likelihood of a household eventually purchasing a home as well as the timing of its home purchase. The SPD model is applied to several topics including smoking behaviour (Forster and Jones 2001; Kidd and Hopkins 2004) , criminal recidivism (Schmidt and Witte 1989) , and bank failure (DeYoung 2003) . However, as far as we know, no previous study has applied the SPD model to the timing of homeownership. It should be noted that the standard model is in fact a special case of the SPD model. 5 We found that the performance of the SPD model is better than that of the standard duration model.
Econometric Model
Households maximize their lifetime utility within an intertemporal framework. Those households that live in rental housing plan to purchase a house if the lifetime utility of owning a house is greater than that of renting one. Once a household decides to own a house, the timing of its housing purchase is jointly determined depending on the unemployment risk, household wealth, income, mortgage interest rates, and other demographic factors.
Let be an unobservable variable expressing the home purchase decision. Denoting = 1 if a household decides to purchase a house at a certain time in the future and = 0 if it decides to continue renting a house, the home purchase decision is modelled as follows:
where I • is the indicator function, is a vector of time invariant covariates, is a parameter vector to be estimated, and is the error term with a logistic distribution. In the following analysis, includes household wealth, unemployment risk, and the conditions of labour and housing markets at the beginning of the spell.
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For a household that decides to purchase a house ( = 1), the timing of its home purchase is jointly determined. The timing is measured by the duration until a house is purchased. There are two types of samples in our data-households with complete spells and those with incomplete spells (i.e. right-censored). The households in the former group purchased their homes at a certain time prior to the survey year, while those in the latter group did not. Here, let be the observable dummy variable, with = 1 for the complete spell samples and = 0 for the incomplete spell samples.
Suppose that we can observe the occurrence of a home purchase and a set of household characteristics (covariates) at each time = 1,2, ⋯ , for each . An event occurs at = for the samples with a complete spell, and no event is observed for the incomplete spell samples. The probability of a home purchase conditional on waiting until time is then denoted by ℎ = Pr = | ≥ .
Given the observed covariates, the log of the odds ratio takes the following form:
where is the measure of time (in years) since the completion of the husband's full-time education, and , , , and are the parameters to be estimated. is the piecewise constant slope of the baseline hazard, which varies at every 5-year interval in our specification. Pr , +1 = 1 , which will be explained later, represents the estimated probability of becoming unemployed in the next year (i.e.
period + 1 ). is a vector of person-specific variables including both time-varying and fixed characteristics. This includes the marital status, number of children, amount of wealth accumulation, and a set of dummy variables for the individual's birth cohort. is a vector of regional and time-series characteristics, which includes relative house prices and mortgage interest rates.
Let be the survival rate of remaining as a renter 7 : the (conditional) density function for can be defined as | = 1 = ℎ − 1 . The density function is defined conditional on = 1 and is irrelevant for households with = 0.
For the complete spell samples ( = 1), we can observe failure (i.e. housing purchases) at time , and, of course, we know that they are prospective homeowners (i.e. = 1). The appropriate density is therefore given by Pr = 1 ℎ − 1 . On the other hand, for the incomplete spell samples, we can observe only = 0.
There are two types of (renter) samples in this group that cannot be distinguished from each other. These are the following: (1) prospective homeowners who wish to purchase their own houses but still live in rental housing at = , and (2) perpetual renters who will never purchase a house. Therefore, the probability of = 0 is
, where the first component is the probability that household is a perpetual renter, and the second component is the probability that household is a prospective owner but do not purchase a house until = . Next, let denote the probability of never purchasing a house (i.e. = Pr = 0 ). The log-likelihood function for observation is then given by 8 ln = ln 1 − + ln ℎ + ln − 1 + 1 − ln + 1 − .
It can be easily observed that equation (3) includes the standard duration models as a special case, specifically when = 0, which implies that every household will eventually purchase a house. The duration models estimated in previous studies do not include the housing purchase decision (equation (1)) but focus only on the duration process. In the following analysis, we first exhibit the results from the standard model (i.e. the SPD model with = 0), and then present the estimation results from the SPD model, and subsequently, compare the estimates from both models.
7 Note that is the survival function conditional on being a potential owner. Obviously, satisfies = 1 − ℎ − 1 , with 0 = 1 by definition. 8 Estimation of the model is carried out using STATA, Version 9, with the author's own program, which is available on request.
Finally, for the simulation analysis, the expected duration until a housing purchase within years is calculated using the following conditional expectation calculation:
where ⋅ is the estimated (conditional) density function for from the above model.
It is obvious that an increase in the likelihood of homeownership at each period (i.e. a larger hazard rate ℎ ) must be associated with a smaller probability of being a renter (i.e. a smaller survival rate ). Therefore, an earlier timing of a housing purchase can be demonstrated as being related to a higher hazard rate, a downward shift of the estimated survival curve , or a shorter expected time until a housing purchase.
Data and Variables
Data Description
The data used in this analysis are taken from the Keio Household Panel Survey The KHPS provides information not only on the current state of the individuals but also on the history of each individual's characteristics starting from the age of 15.
The individual history includes retrospective information pertaining to the individuals' employment status and previous housing status. Using this information, we construct a (person-year) retrospective panel data set in order to examine the timing of the first-time home purchases of Japanese households. Apart from this retrospective information, the survey also reports various socio-economic attributes such as the age, education, income, and wealth of the respondents.
Our retrospective panel data includes the following two types of households: (1) households owning their houses at the time of the survey (i.e. those who purchased their own houses at a certain time in the past: referred to as the owner sample) and (2) households living in rental housing at the time of the survey (referred to as the renter sample). The spell duration for the owner sample is defined as the husband's age at the time of purchase minus his age at the time of completion of his full-time education. For the renter sample, the spell duration is defined as the husband's current age minus his age at the time of completion of his full-time education. As a result, the owner sample includes the period from the time of graduation from school (the beginning of the spell duration) to the time of home purchase (exit time), while the renter sample includes the period from the time of graduation to the year when the current survey was conducted (2005). Since we can only observe the current and previous housing tenure status, we limit our sample to households whose husbands were less than 40 years of age at the time of their home purchases (for the owner sample) or at the time of the survey (for the renter sample). This ensures that the owners are still living in their first house and that the renters are not previous homeowners.
As a result, the data contain a sample of prospective first-time buyers who are married couples. After eliminating samples with missing or inconsistent information, we have 5,993 usable observations including 452 households (owner sample: 307; renter sample: 145). 
Variables Dependent Event of Home Purchase
The dependent event-the household's home purchase-is defined as a dummy variable that takes the value of one if a household purchases its own house, or zero if it continues to live in rental housing. A house to be purchased can be either a detached house or a condominium. Houses acquired through inheritance from parents or other relatives are excluded from the event.
Unemployment Risk
As mentioned above, our data provide retrospective information on individual's employment history starting from the age of 15, which allows us to identify whether or not a respondent was unemployed at each time in the past. Using this information, we estimate the probability that a male household head (husband) will become unemployed in the subsequent year, conditional on the current employment status, past unemployment history 9 , and a set of explanatory variables. This provides us with the transition probability of each individual becoming unemployed in the subsequent year (i.e. year + 1), depending on the current employment status (i.e. year ). 10 Due to this dependence, actual unemployment experience in a certain period increases the subsequent unemployment probability and, thus, sequentially affects the series of employment status. Since the model is effectively a Markov process, our measure of unemployment risk is given as Pr , +1 | , where is defined, as before, as a binary indicator of unemployment, which takes the value of one if individual is unemployed in period , and zero otherwise.
Recent empirical studies contend that there is reverse causality between unemployment and homeownership (Nickell 1998; Oswald 1999; Green and Henderschott 2001) . Since homeowners are less mobile across geographic locations than are renters, homeownership itself affects labour market outcomes through location-specific shocks in the market. To cope with this endogeneity issue, we use the age-specific regional unemployment rate as an instrument for identification.
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9 Literature in labour economics, for instance, Belzil (1995) and van den Berg and van Ours (1996) , suggest that unemployment duration depends on previous unemployment experience. 10 We also estimated the models with a more detailed classification of current and future employment status, namely, unemployed, self-employed, and employed by a firm. However, they exhibit qualitatively same results as those in this paper.
11 Carroll, Dynan, and Krane (2003) and Engen and Gruber (2001) also use regional variables as an instrument. They argue that regional variables are likely to satisfy the exogeneity requirement in the case of precautionary saving behaviour.
The estimation results are presented in Table 2.   (Table 2 around here.)
The results are intuitively plausible: Current unemployment is significantly associated with a higher probability of being unemployed in the subsequent year; a better educated individual is less likely to be unemployed; an individual with a father who was self-employed is also less likely to be unemployed; an individual who has experienced unemployment in the past is likely to be unemployed in the subsequent year; and the regional unemployment rate is strongly and positively related to the probability of unemployment.
Using this result, the predicted probability of being unemployed in period + 1 is calculated for each observation given the current employment status. In the following analysis, this estimated probability is used to measure the uncertainty of the husband's employment status and income.
Accumulated Wealth
As Jones (1995), Haurin, Hendershott, and Wachter (1995) , and Moriizumi (2003) noted, a household's liquefiable wealth is endogenous to its housing purchase decision. To cope with this endogeneity problem, an instrumental variable (IV) approach has been commonly used in most of the previous empirical studies. In our data, there is no retrospective information on a household's liquefiable wealth; however, we have data on wealth from the 2004 survey year. Thus, we estimate a wealth equation using the relevant set of exogenous variables and use the predicted value of household wealth (WEALTH) in our model. Using a cross-section of the first wave, WEALTH is estimated by regressing the amount of total liquefiable assets Junior high school is omitted as a reference category. EVERUE is a dummy variable that takes the value of one if the husband has ever experienced unemployment. is the unit price of owner-occupied housing (prefecture-level), as discussed below.
Macroindicators
Besides the variables discussed above, additional data related to macroindicators, In the analysis, we use the average mortgage interest rate of city banks deflated by the CPI. 
Empirical Results
Estimates of the Timing of Homeownership with the
Discrete-Time Hazard Model
The main results of the discrete-time hazard models are displayed in Table 3 . The relationship between unemployment risk and homeownership is examined by the predicted probability of the husband's unemployment. Since the unemployment probability represents the unemployment risk faced by each household, it is expected that the unemployment probability has a negative impact on homeownership (i.e. the hazard rate). A lower hazard rate implies a delay in housing acquisition. In all the estimations, the baseline hazard is controlled by linear spline variables that are created by defining certain knots (5-year intervals in our specification) where the baseline hazard changes its slope. 13 (Table 3 around here.)
First, we present the results from the discrete-time logit model (i.e. the SPD model with = 0), followed by the estimation results from the SPD model.
Subsequently, we compare the estimates from both models.
The estimates of the discrete-time logit model are presented in the first column of Table 3 . The following results are obtained. First, we find that a higher unemployment probability has a strongly negative impact on homeownership. It is 13 Alternative parametric specifications of the baseline hazard (e.g. including dummies for each spell duration) or the semi-parametric Cox proportional hazard model do not change the result fundamentally. These are available upon request. demonstrated that, on average, a 10% increase in the unemployment probability decreases the annual probability of home purchase (i.e. the hazard rate) from 5.1% to 4.5%.
14 The negative relationship exhibited in our estimation is consistent with the results of previous empirical studies such as Haurin (1991) , Robst, Deitz, and McGoldrick (1999) , and Diaz-Serrano (2005a), which use income volatility as a measure of income uncertainty.
With regard to the other variables, the following results are obtained: Wealthier households have a higher probability of homeownership, as expected; housing market characteristics such as the relative housing price and mortgage interest rate have significant effects on homeownership with the expected signs, i.e. relatively expensive owner-occupied housing and a higher mortgage interest rate discourage households from purchasing a house; and marriage and a larger number of children promote housing purchases.
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The results from the SPD model are displayed in the second column of Table 3 .
The model consists of two equations: the duration equation, which represents the duration process applied to those who eventually purchase houses, and the splitting equation, which determines the decision to purchase a house.
The estimates of the SPD duration equation present results similar to those from the discrete-time logit model, except with regard to the effects of the unemployment probability and the baseline hazard. Although the unemployment probability is still significantly and negatively related to the probability of future homeownership, its magnitude is smaller in the SPD model than in the discrete-time logit model, where the sample of those who never purchase a house is not taken into consideration. This should be interpreted as a result of the misspecification of the baseline logit model,
14
The baseline hazard of homeownership (5.1%) is calculated in the following way. First, we calculate the estimated hazard for each individual based on the observed unemployment probability. We then average this estimated hazard of each individual to obtain the baseline value. The estimated hazard based on the unemployment probability increased by 10% from the observed value (4.5%) is obtained in a similar manner.
namely, the application of the duration process to those who would not eventually purchase a house. It is consistent with the notion that households with an extremely high probability of unemployment are less likely to purchase their own homes (i.e. they have zero probability of homeownership). Imposing a non-zero duration process on these households leads to an overestimation of the effect of unemployment risk.
Also, the baseline hazard of home purchase is shown to be shifted upward in the SPD model, which is consistent with the above explanation. Since some households are found to have zero probability of purchasing a home (i.e. perpetual renters) in the SPD model, the remaining portion of households have higher baseline hazards, as suggested in the above explanation.
With regard to the splitting equation, we test the hypothesis that = 0, i.e. the probability of being a perpetual renter is zero. If the null hypothesis cannot be rejected, it can be claimed that all households will eventually purchase houses and that the SPD model will be the same as the discrete-time logit model. Therefore, the test can be used as a model selection procedure. The Wald test result is presented at the bottom of Table 3 , and the standard error is obtained by the delta method. As a result, the null hypothesis is rejected, which necessarily supports the SPD model against the standard logit model.
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The estimates of the splitting equation suggest that a household's characteristics at the early stages of a life cycle affect its subsequent homeownership. Initial wealth holdings significantly increase the probability of a household eventually purchasing its own home. An initial unemployment risk, which is our central interest, also has a significantly positive effect on the probability of never purchasing a home. The initial conditions of housing and labour markets are also important: a higher unemployment rate or relative price of owner-occupied housing in the initial period discourages households from purchasing homes in the subsequent years. As illustrated in Figure 1 , the unemployment rate of a younger individual rises steadily during our sample 16 Since by definition, ≥ 0, testing 0 : = 0 (which is at the boundary of the parameter space) through the Wald test may be inappropriate. Therefore, the corresponding likelihood ratio test is also conducted, but it does not reveal any significant difference in the result.
period. This coincides with the recent decline of homeownership rates among younger households in Japan.
In order to examine the impact of unemployment risk on the timing of homeownership, we conduct a simple simulation exercise based on the above results in the next section.
Simulation Results
In this subsection, we investigate the effect of unemployment risk on the timing of housing purchases by conducting a simulation exercise based on the SPD model presented in the previous section, and by examining the estimated homeownership Obviously, homeownership probability is defined as 1 − . Since the probability of never purchasing a house is not zero (approximately 1.6% for the representative individual's case), the definition of the survival rate is slightly different from that in equation (4). The definition of unconditional survival rate is given by = + 1 − 1 − ℎ − 1 , where 0 = 1 by definition.
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The actual values of these two variables can be used in our simulation instead of the sample averages. However, because we focus on the effect of an unemployment experience, while holding other effects constant, we choose to use the time-invariant sample averages. By applying the above setting to our estimation results, we examine the effect of an actual unemployment experience at the beginning of the spell (i.e. unemployment at the age of 22) on subsequent homeownership. As a result of the intertemporal dependence on unemployment status, as discussed in Section 3, the experience of unemployment at the beginning of the spell increases the subsequent unemployment risk (i.e. the unemployment probability). The calculation of the sequence of unemployment probabilities is discussed in the Appendix. Since an initial state of unemployment increases the likelihood of being unemployed in the subsequent periods, the homeownership probability will be lower due to the increased unemployment risk.
It is found that the expected duration until a housing purchase-the conditional expected time until a home is purchased as given by equation (4) is exhibited that the estimated homeownership curve is shifted downward for Case 2 during the period following the unemployment experience (Spell ≥ 2), resulting in a longer duration until a home purchase. As a result, the homeownership probability at = 19 will be approximately 0.72 in Case 1, while it will be 0.59 in Case 2.
Conclusion
In this paper, we examine the effects of unemployment risk on the timing of
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When calculating the conditional expected duration, we set = 39 (i.e. the expected duration for those who purchase their homes prior to the age of 60).
homeownership by using a retrospective panel of Japanese households. Our data, obtained from the KHPS, have several advantages over those used in previous works.
First, the fairly long panel of individual households obtained from the survey's retrospective information enables us to analyse the long-run consequences of unemployment on the behaviour of first-time homeownership. Second, the KHPS provides rich information not only on the housing characteristics of a household including its history of housing tenure status but also on the history of its employment status and previous job changes. This facilitates the analysis of the impact of unemployment risk on the timing of homeownership. We estimate the unemployment risk using a retrospective panel data set of the KHPS to obtain a more precise measure than did previous studies.
Taking account of the fact that some portions of the population in the housing market will choose to never own a house, a factor which previous studies fail to introduce, the timing of first-time homeownership is analysed using the SPD model.
We obtain the following conclusions: (1) unemployment risk, as proxied by the unemployment probability, has a significantly negative effect on homeownership and delays its timing, (2) the effect of unemployment risk is overestimated in previous studies which assume that all households will eventually become homeowners, and (3) household characteristics as well as the conditions of housing and labour markets at the early stages of a household's life cycle significantly affect the initial housing purchase decision. Finally, our simulation results indicate that an initial one-year unemployment spell will have a fairly large impact of a 1.6-year delay in the timing of a subsequent home purchase. Labor Market Characteristics
Demographic Characteristics
Note: A set of dummy variables for the birth cohort (with a 10-year interval) and regions is also included to control for cohort and region-specific effects. **, *, and + indicate that the estimated coefficient is significant at the 0.01, 0.05, and 0.10 levels, respectively. Robust standard errors are in parentheses for the SPD model (with p i = 0). Explanatory variables used in the splitting equation are fixed at their initial (i.e., beginning of the spell) values. Expected Time to Purchase = 16.5years
